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Background: After cholecystectomy for symptomatic gallstone disease 20%–30% of the patienrs
continue to have abdominal pain. The aim of this study was to investigate whether preoperative variables
could predict the symptomatic outcome after cholecystectomy.Methods: One hundred and two patients
were referred to elective cholecystectomy in a prospective study. Median age was 45 years; range, 20–81
years. A preoperative questionnaire on pain, symptoms, and history was completed, and the questions on
pain and symptoms were repeated 1 year postoperatively. Preoperative cholescintigraphy and sonography
evaluated gallbladder motility, gallstones, and gallbladder volume. Preoperative variables in patients with
or without postcholecystectomy pain were compared statistically, and significant variables were combined
in a logistic regression model to predict the postoperative outcome.Results:Eighty patients completed all
questionnaires. Twenty-one patients continued to have abdominal pain after the operation. Patients with
pain 1 year after cholecystectomy were characterized by the preoperative presence of a high dyspepsia
score, ‘irritating’ abdominal pain, and an introverted personality and by the absence of ‘agonizing’ pain
and of symptoms coinciding with pain (P< 0.000001). In a constructed logistic regression model 15 of 18
predicted patients had postoperative pain (PVpos = 0.83). Of 62 patients predicted as having no pain
postoperatively, 56 were pain-free (PVneg = 0.90). Overall accuracy was 89%.Conclusion: From this
prospective study a model based on preoperative symptoms was developed to predict postcholecystectomy
pain. Since intrastudy reclassification may give too optimistic results, the model should be validated in
future studies.

Key words: Gallbladder stones; logistic regression model; prospective study; symptomatic outcome

Lars Borly, M.D., Dept. of Surgical Gastroenterology, Bispebjerg Hospital, University of Copenhagen,
Bispebjerg bakke 23, DK-2400 Copenhagen NV, Denmark (fax:�45 35312856)

Treatment of symptomatic gallbladder stones with
cholecystectomy is followed by cure or improvement
of symptoms in about 90% of patients (1–4). How-

ever, in 20%–30% of patients significant pain and dyspeptic
symptoms is still reported (1–9). The pathogenesis of
gallstone disease may be multifactorial, including increased
bile lithogenicity (10), augmented gallbladder volume,
reduced gallbladder motility (11), imbalance of nucleating
proteins (12), number of pregnancies and postoperative
periods (13), and obesity and body composition (14). Previous
studies have suggested that gallbladder motility and other
physiologic characteristics may have a role in the outcome
after cholecystectomy (15, 16). Other studies have compared
pain and the presence of abdominal symptoms before and
after cholecystectomy (1, 2, 5–7) but with variable rates of

success due to different outcome factors (7). Few studies have
identified preoperative factors that could predict the sympto-
matic outcome after surgery (8, 9). The presence of dyspepsia
before operation seems related to continued postoperative
dyspepsia (8), and psychologic vulnerability may be involved
in overall postoperative outcome (17). Furthermore, it is
unclear which abdominal symptoms are specifically caused
by the gallstones (18), and how gallstones elicit pain (19).

This prospective study was a preoperative investigation of
symptoms and gallbladder dynamics and a postoperative
evaluation of outcome symptoms and pain after 1 year in
patients referred for cholecystectomy owing to symptomatic
gallstone disease. The aim was to investigate whether
preoperative factors could predict symptomatic outcome after
cholecystectomy.
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Patients and Methods

Patients
One hundred and two patients referred for elective

cholecystectomyowing to symptomatic gallstone disease
wereincludedin this 2-yearprospectivestudy.The first two
were regardedas ‘pilot patients’for the organizationof the
preoperativeexaminationsand did not attend the post-
operative follow-up. Patients were consecutively chosen
amongall thosereferredto cholecystectomy,following the
department’sstandardcriteria for operationfor symptomatic
gallstone disease(definition: presenceof gallstones and
socially disabling attacks of pain located in upper right
abdominalquadrant).The presenceof gallstoneswasdeter-
mined by sonography.The following criteria had to be
fulfilled to participatein the study:agemore than18 years,
absenceof pregnancyandlactation,ability to speakandwrite
Danish,andinformedconsent.

Ethics
Beforeenteringthestudyall patientswereinformedabout

the natureand purposeof the study, and all gave written
informed consent.The study protocol was approvedby the

Ethical Committeefor Copenhagenand was in accordance
with the Helsinki II Declarationof 1975asrevisedin 1983.
The patient data file was approvedby the Danish Data
ProtectionAgency.

Studydesign
Before the operation a questionnaire,sonography,and

dynamiccholescintigraphywere completed.One year after
theoperationa newquestionnairewascompleted.

Preoperativequestionnaire
The preoperativequestionnaireconsistedof 121questions

on personaldata and a visual analoguescale (VAS). The
patientswereaskedto ratetheir pain intensityon a 100-mm
scalewith the boundariesof ‘no pain’ on the left and‘worst
possiblepain’ ontheright.Patientswererequestedto markon
theVAS wherethe pain is whenit is worst.

The questionsincludeda non-validatedDanishversionof
the McGill Pain Questionnaire(MPQ). The original MPQ
consistsof a set of 78 pain descriptorssegregatedinto 20
discretecategories(20).Thepatientswereallowedto choose
1 descriptorfrom eachof the 20 categories(in our studythe
numberof descriptorshadto be reducedfrom the 78 in the

Fig. 1. Twenty-two questions concerning psychosomaticand neurotic symptoms. Psychologic
vulnerability wasscoredby countingthe numberof affirmativeanswersfrom 12 selecteditemsmerged
with 10 indifferent items(20). The 12 selecteditemsareshownin italics.
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original versionto 64,astherearefeweradjectivesin Danish
thanin English).Themainpurposeof including theMPQ in
this study was to look for possiblepreoperativedescriptors
that couldpredictthesymptomaticoutcome.

Therewerea further16 questionson dyspepticsymptoms;
acompositescorebasedonyes(= 1) or no(= 0) answersto the
16 questionsmadeup a rankingscalefrom 0 to 16—thatis,
the dyspepsiascore.Zero representedno dyspepsia,and 16
representedmaximal dyspepsia.The scale has not been
validated.

The patientswere askedwhetherthey were botheredby
dysphagia,globus, acid regurgitation, heartburn, nausea,
vomiting, flatulence, eructation, borborygmus, diarrhoea,
constipation,intermittentconstipationanddiarrhoea,abdom-
inal distension, rapid satiety, incomplete defecation,and
anorexia.In thenextsectionpatientswereaskedwhethertheir
dyspepsiacoincidedwith their pain,whethertheir symptoms
were felt as attacksor constant,the duration of symptoms
(monthsor years),andthenumberof attacks(attacks/month).
Thefinal sectionaimedto measurepsychologicvulnerability
andconsistedof 22 questionson psychosomaticandneurotic
symptoms,with yes/nocategoryanswers.Psychologicvul-
nerability wasscoredby countingthe numberof affirmative
answersto 12selecteditemsmergedwith 10 indifferentitems
(21). The22 questionsareshownin Fig. 1.

Postoperativequestionnaire
Oneyearafter the operationa self-administeredquestion-

naire wascompletedby the patients.The questionnairehad
the sameVAS for pain and questionson dyspepsiaas the
preoperativequestionnaire.

Definition of symptomaticoutcomecriteria
On the basisof the results1 year after the operationthe

patients were categorized both in accordancewith the
presenceof postoperativepain(�/ÿ pain)andin accordance
with the presenceof postoperativeabdominal symptoms
(includingpain)(�/ÿ symptoms).Thepresenceor absenceof
painwasdeterminedfrom thepainVAS, andthepresenceof
otherabdominalsymptomsfrom thequestionson dyspepsia.
In the postoperativequestionnairethe patientswere asked
whethertheir symptomshaddisappeared,partly diappeared,
unchanged,or worse.If their symptomshaddisappearedand
the VAS = 0, they wereclassifiedashavingno pain. If their
symptomshad partly disappearedor were unchangedor
worse,theywereaskedto answerthequestionsaboutpainand
otherabdominalsymptoms.If they answeredthat they were
without pain and the VAS = 0 but that they had other
abdominalsymptoms,thesepatientswereclassifiedashaving
nopainbutstill havingsymptoms.All patientswith VAS> 0
wereclassifiedashavingpain.

Gallbladdersonography
The gallbladdervolume was determinedby sonography

(SiemensSonoline SL-2, Erlangen,Germany,with a 3.5-

MHz mechanicalsectorscanner)with a modified Simpson
method(22). The numberof stoneswasnoted.

Cholescintigraphy
After an overnightfast the patientwas positionedsupine

under a gamma camera (Orbiter 2LC 7500, Siemens,
Erlangen,Germany)with a 140-keVlow-energyall-purpose
parallel-holecollimator. The detectorwas placedanteriorly
over the right hypochondriumto achievevisualizationof the
liver, gallbladder,bile duct, anduppersmall intestines.The
camerawas connectedto a computer(Microdata,Siemens)
that enabledsimultaneousacquisitionof data. Count rates
wererecordedcontinuouslyatoneframepermin (cpm).Data
acquisitionwasstartedat timezeroduringadministrationof a
bolusinjection of 100 MBq 99mTc EHIDA (sodiumN-[N-1-
(2,6-diethylphenyl)carbamoylmethyl]iminodiacetate; Amer-
sham,UK). Recordingsweremadecontinuouslyfor 60min.
At time 60min cholecystokininoctapeptide(CCK-8) (Kine-
vac, Squibb,N.J., USA), 0.3ng/min� kg, was infused for
60min by infusion pump (Ole Dich, Instrument Maker,
Hvidovre, Denmark).Recordingsand CCK-8 infusion was
terminatedat 120min. When the data had beencollected,
images were replayed from the computer, and the time-
activity curves for the gallbladder region, corrected for
backgroundandradioactivedecay,weregenerated(23).

Themaximumgallbladderejectionfractionfrom time60to
time 120min wascalculatedas

(1) GB EFmax% � cpmmax 60� 10 min

ÿ cpmmin 120� 10 min � 100%

cpmmax 60� 10 min

The100-MBqtechnetium-99mEHIDA dosehasaneffective
doseequivalentof 0.024mSv/MBq,which givesaneffective
doseequivalentof 2.4 mSv.

Statisticalanalysis
Eachof the descriptivevariableswas comparedbetween

thegroupswith differentpostoperativeoutcomeby usingthe
Mann–Whitneyrank sumtest (quantitativevariables)or the
Fisher exact probability test or chi-squaretest (qualitative
variables).Variables showing some association(P< 0.10)
with developmentof postoperativesymptomsor pain were
consideredfor inclusionin thelogistic regressionanalysis,in
which variableswerecombinedin a model to predict, from
the includedpreoperativevariables,the 1-yearpostoperative
statuswith regardto symptomsor pain.Thefinal modelwas
obtainedby using the backwardelimination techniqueuntil
all includedvariablesweresignificant(P< 0.05). In all the
regressionanalysesand analysesbased on the derived
regressionmodels,missingvalueswerereplacedby thegrand
meanvalueof thevariablein question.

The numberof missingvaluescan be extractedfrom the
informationpresentedin TableI andTableII, whichshowthe
numberof patientsin whomeachvariablewasavailable.The
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numberof missingvaluesreplacedby thegrandmeanin the
logistic regressionanalysesis presenteddirectly below the
resultspresentedin TableIII andTableIV.

The logistic regressionmodelwasasfollows:

(2) Y = b0 � b1 � z1 � :::::::� bp � zp (equation1)

whereY is the logit—that is, Y = loge (P/(1ÿ P))—P being
the probability of pain with regardto symptoms1 yearafter
the operation(that is, P = eY/(1� eY)) (equation2), b0 is a
constant,z1–zp arethescoringsof theP variables,andb1–bp

are the regressioncoefficientscorrespondingto eachof the
variables z1–zp. From the logistic regressionmodel the
probability (P) of symptomswith regardto pain 1 yearafter

the operation for a given patient can be estimatedfrom
equation2 by insertingY from equation1, usingtheobtained
regressioncoefficientsin themodelandthevariablescorings
of the patient. The predictedodds ratio for the presence/
absenceof painwith regardto symptomsis givenby theratio
P/(1ÿ P).

Results

Patients
Onehundredpatientsenteredthestudy.All completedthe

preoperativequestionnaire,and cholecystectomywas per-
formedin all. Twentypatientsdroppedout. The20 dropouts

TableI. Distribution of 1-yearpostoperativeoutcomein accordancewith preoperativecholescintigraphyandsonography

1-yearpostoperativedyspepsiaincluding pain 1-yearpostoperativepain

Present n Absent n P Present n Absent n P

Cholescintigraphy:GB motility
Maximum ejectionfraction (%)* 70 (10–99) 12 64 (6–97) 25 0.68 70 (17–99) 9 59 (6–97) 28 0.47
Non-visibleGB (n) 10 (43%) 23 21 (45%) 47 1.00 6 (38%) 16 25 (46%) 54 0.58

Sonography
GB volume(ml)* 21 (6–70) 24 23 (2–140) 42 0.83 20 (8–70) 16 23 (2–140) 50 0.84
More thanfour gallstones(n) 12 (50%) 24 20 (46%) 44 0.80 8 (47%) 17 24 (47%) 51 1.00

GB = gallbladder.
* Medianandrange.

TableII. Distribution of 1-year postoperativeoutcomeaccordingto preoperativeclinical variables

1-yearpostoperativedyspepsiaincluding pain 1-yearpostoperativepain

Present n Absent n P Present n Absent n P

Preoperativevariables (medianandrange)
Painintensity,VAS 0–100 87 (3–99) 27 86 (38–98) 45 0.83 86 (3–98) 18 88 (35–99) 54 0.67
Dyspepsia,score0–16 6 (2–12) 24 4 (0–10) 45 0.0002 6 (2–12) 18 4 (0–11) 51 0.004
Psychicvulnerability, score0–12 3 (0–10) 26 2 (0–8) 45 0.03 3 (1–10) 18 2 (0–8) 53 0.011
Durationof symptoms,years 3 (0.2–23) 29 1 (0.08–24) 48 0.1 3 (0.3–23) 20 1 (0.08–24) 57 0.06
Durationof attacks,h* 24 (0–192) 23 4 (0–122) 44 0.07 4 (0–192) 14 5 (0–122) 53 0.86
No. of attacks/month† 6 (0–20) 20 2 (0–48) 45 0.12 8 (0–20) 13 2 (0–48) 52 0.03

Preoperativevariables (n)
Acid regurgitation 16 (57%) 28 15 (31%) 48 0.03 13 (65%) 20 18 (32%) 56 0.02
Heartburn 12 (41%) 29 11 (23%) 48 0.12 10 (50%) 20 13 (23%) 57 0.04
Constipation 11 (39%) 28 8 (17%) 46 0.05 9 (47%) 19 10 (18%) 55 0.02
Early satiety 15 (54%) 28 8 (19%) 48 0.002 9 (45%) 20 15 (27%) 56 0.17
Troublepassingall stool 12 (41%) 29 9 (18%) 49 0.04 8 (40%) 20 13 (22%) 58 0.15
Repelledby food 11 (38%) 29 5 (10%) 48 0.007 7 (35%) 20 9 (16%) 57 0.11
Symptomscoincidewith pain 17 (61%) 28 41 (89%) 46 0.007 10 (53%) 19 48 (87%) 55 0.003
Constantsymptoms 7 (24%) 29 3 (6%) 48 0.04 7 (35%) 20 3 (5%) 57 0.002
Eatinghabitschanged 20 (84%) 25 26 (55%) 47 0.04 14 (88%) 16 32 (57%) 56 0.04
Symptomsfirst asattacks,

now constant
9 (47%) 19 4 (14%) 28 0.02 8 (57%) 14 5 (15%) 33 0.01

All activity stopsdueto
symptoms

24 (96%) 25 34 (76%) 45 0.05 18 (100%) 18 40 (77%) 52 0.03

Problemsat homesince
symptomsstarted

5 (18%) 28 2 (4%) 48 0.09 5 (26%) 19 2 (4%) 57 0.009

Lack of appetite 9 (44%) 27 8 (17%) 48 0.01 10 (53%) 19 10 (18%) 56 0.006
Strongheadache 17 (59%) 29 12 (25%) 49 0.003 12 (60%) 20 17 (29%) 58 0.02
Sleeplessness 11 (39%) 28 13 (27%) 49 0.31 11 (55%) 20 13 (23%) 57 0.01
Oftenpainsdifferent places 20 (69%) 29 20 (42%) 48 0.03 14 (70%) 20 26 (46%) 57 0.07
Keepto yourself 8 (31%) 26 4 (9%) 45 0.02 8 (44%) 18 4 (8%) 53 0.001

* Only the67 patientswho hadsymptomsin attackswereanalysed.
† Thesameasabove,but two patientsdid not completethequestion.

ScandJ Gastroenterol1999(11)

Outcomeafter Cholecystectomy 1147



consistedof 12 who had still not replied after 3 reminding
letterswith thepostoperativequestionnaireand8 who chose
to leave the study for different reasons.Eighty patients
completedboth the preoperativequestionnaireandthe post-
operativequestionnaire1 yearaftersurgery.These80patients
wereincludedin thestudy.Therewere71womenand9 men.
Themedianagewas44 years,andtherange20–77years.No
significantdifferenceswerefoundbetweenthesepatientsand
the20 dropoutswith regardto ageandsexdistribution.

Operation
Laparoscopic cholecystectomy was performed in 68

patients, and mini-cholecystectomyin 5. In seven the
procedurewasconvertedto openconventionalcholecystec-
tomy.

Symptomaticoutcome1 year after cholecystectomy
Of the80 patients30 (38%)hadsymptoms1 yearafter the

operation,whereas50 hadno symptomsin accordancewith
the definitionsgiven above.Twenty-one(26%) had pain 1
yearafter theoperation,whereas59 hadno pain.

In 50 (62%) patients all symptoms had completely
disappeared,whereas28(35%)answeredthattheirsymptoms
hadpartlydisappeared.In onethesymptomswereunchanged,
andin onetheywereworse

Preoperativegallbladdermotility and sonography.
As canbeseenin TableI, thegallbladder(GB) motility as

determined by cholescintigraphydid not differ between
postoperativesymptomaticand asymptomaticpatients.Nor

did the preoperativesonographicdata with regard to GB
volume and stone number show any differencesbetween
patientswith andwithout painanddyspepsiapostoperatively
(TableI).

PreoperativeMcGill Pain Questionnairein relation to
operativeoutcome

For thesinglepain-describingwords‘splitting’ (P = 0.02),
‘rasping’ (P = 0.03),and ‘agonizing’ (P = 0.00049)a highly
significantdifferencewasseenbetweenthe groupswith and
without painafter theoperation.

Preoperativequestionnairevariablesoutcomepredictors
The postoperativeoutcomein accordancewith preopera-

tive clinical variablesis shownin TableII. The preoperative
painintensityasmeasuredwith theVAS scorewassimilar in
thosewith and without postoperativesymptoms.The pre-
operativedyspepsiascorewassignificantlyhigherin patients
with postoperativesymptoms(P = 0.0002 in patientswith
dyspepsiaincluding pain; P = 0.004for pain alone).Psycho-
logic vulnerability wasalsomoreprominentin patientswith
postoperativesymptoms(P = 0.03in patientswith dyspepsia
including pain;P = 0.011for pain alone).

With regard to gallstonehistory patientswith a longer
history tended to do worse after operation. Those with
dyspepsiaincluding pain had longer attackspreoperatively
(P = 0.07), and those with pain alone postoperativelyhad
moreattackspermonth(P = 0.03)thanthosewhowerecured.

As can be seenin Table II, severalpreoperativeclinical
valuesdiffered significantly betweenthosewho were cured

TableIII. Logistic regressionmodelto predictpain1 yearafter cholecystectomy

Variable Scoring Coefficient
Standard

error P value

Painagonizing Yes,1; No, 0 ÿ3.629 1.207 0.0036
Introvertedpersonality* Yes,1; No, 0 3.824 1.409 0.0083
Symptomscoincidingwith pain Yes,1; No, 0 ÿ2.546 0.980 0.01
Painrasping Yes,1; No, 0 3.803 1.602 0.02
Dyspepsiascore 0–12 0.304 0.143 0.04
Constant ÿ0.464 0.977 0.64

Model 2 = 46.59;d.f. = 5; P< 0.000001.
* Introvertedpersonalitycoversthethequestion‘Do youpreferto keepto yourself?’from the22questionsconcerningpsychosomaticand

neuroticsymptoms.

TableIV. Logistic regressionmodelto predictdyspepticsymptoms1 yearafter cholecystectomy

Variable Scoring Coefficient
Standard

error P value

Symptomscoincidingwith pain Yes,1; No, 0 ÿ2.667 0.794 0.0012
Strongheadaches Yes,1; No, 0 1.559 0.651 0.0019
Dyspepsiascore 0–12 0.310 0.151 0.043
Repelledby food Yes,1; No, 0 1.614 0.811 0.05
Constant ÿ0.919 0.805 0.26

Model 2 = 35.66;d.f. = 4; P< 0.000001.
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andthosewhowerenot.Significantdifferenceswerefoundin
thefollowing categories:dyspepsia(acidregurgitation,heart-
burn,constipation,earlysatiety,troublepassingstools),other
gastrointestinalsymptoms,behaviouralaspects,and symp-
tomsrelatedto psychologicvulnerability.

Logistic regressionanalysis
The final logistic regressionmodels for preoperative

prediction of pain and dyspeptic symptoms1 year after
cholecystectomyare shown in Table III and Table IV,
respectively.The fact that somepatientshad improvedbut
still hadpainor dyspepsiawasnot takeninto considerationin
theanalysis.

In TableIII it appearsthat introvertedpersonality,‘rasping
pain’, and a high dyspepsia score were independently
associatedwith the presenceof pain 1 year postoperatively
(positive coefficients), whereasagonizing pain and other
symptomscoinciding with pain were associatedwith no 1-
yearpostoperativepain (negativecoefficients).

Table IV showsthat strongheadaches,a high dyspepsia
score,and being repelledby food were associatedwith the
presenceof 1-yearpostoperativesymptoms(positivecoeffi-
cients), whereas symptoms coinciding with pain were
associatedwith a symptom-free1-year outcome(negative
coefficient).Thesetwo modelscan be expressedas simple
pocketcharts(TableV andTableVI) from whichanestimate

of Y to one decimal can easily be obtained from the
preoperativevariablesof any given patient by the simple
additionof numbers.UsingTableVII, theobtainedvalueof Y
can be transformed to the probability (likelihood) of
experiencingpainor symptoms1 yearaftercholecystectomy.

Example1: estimationof the likelihood of 1-year post-
operative pain in a patient with: agonizing pain, no
introvertedpersonality,no symptomscoinciding with pain,
no raspingpain,anda dyspepsiascoreof 4. WhenTableV is
used, Y becomes (ÿ36� 0� 0� 0� 12ÿ 5)/10=ÿ2.9.
This correspondsto a 1-year postoperativepain likelihood
of 5% (Table VII). Thus this patientwould be expectedto
benefitfrom cholecystectomy.

Example2: estimationof the likelihood of 1-year post-
operative pain in a patient with no agonizing pain, an
introvertedpersonality,symptomscoinciding with pain, no
raspingpain, and a dyspepsiascoreof 6. When Table V is
used,Y becomes(0� 38ÿ 25� 0� 18ÿ 5)/10= 2.6. This
correspondsto a1-yearpostoperativepainlikelihoodof about
93%(TableVII). Thusthis patientwould not beexpectedto
benefitfrom cholecystectomy.

In thesamemannerthe likelihood of 1-yearpostoperative
symptomscanbe estimatedby usingTablesVI andVII.

Distribution of estimatedprobabilities (likelihoods)of pain
and symptoms1 year postoperatively

For the patients who actually had pain 1 year post-
operativelythe medianestimated1-yearpostoperativelike-

TableV. Pocketchartfor preoperativepredictionof pain1 yearafter
cholecystectomy

Variable Pointsto beadded

Painagonizing
Yes ÿ36
No 0

Introvertedpersonality
Yes 38
No 0

Symptomscoincidingwith pain
Yes ÿ25
No 0

Painrasping
Yes 38
No 0

Dyspepsiascore
0 0
1 3
2 6
3 9
4 12
5 15
6 18
7 21
8 24
9 27

10 30
11 33
12 36

Constant ÿ5

Sum=
Y = Sum/10=
Noteonly onenumbershouldbe usedfor eachvariable.

Table VI. Pocket chart for preoperativeprediction of dyspeptic
symptoms1 yearafter cholecystectomy

Variable Pointsto beadded

Symptomscoincidingwith pain
Yes ÿ27
No 0

Strongheadaches
Yes 16
No 0

Dyspepsiascore
0 0
1 3
2 6
3 9
4 12
5 16
6 19
7 22
8 25
9 28

10 31
11 34
12 37

Repelledby food
Yes 16
No 0

Constant ÿ9

Sum=
Y = Sum/10=
Noteonly onenumbershouldbe usedfor eachvariable.
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lihood of pain was0.81 (range,0.13–1.00).For the patients
who did not have pain 1 year postoperativelythe median
estimated1-yearpostoperativelikelihood of pain was 0.05
(range, 0.00–0.90).Thus there was some overlap of the
likelihoodsbetweenthosewith postoperativepain andthose
without. Consideringa likelihood of 0.5 asthe cut-off point
betweenpredictionof pain (>0.5) andno pain (<0.5),71 of
the80patients(88.7%)werecorrectlyclassified(15of the21
with pain and 56 of the 59 without pain) (sensitivity, 0.71;
specificity,0.95;PVpos= 0.83;PVneg= 0.90;kappa= 0.88).
For the patientswho actually had symptoms1 year post-
operativelythe medianestimated1-yearpostoperativelike-
lihood of symptomswas 0.68 (range,0.10–0.99).For the
patientswho did not havesymptoms1 yearpostoperatively
the median estimated1-year postoperativelikelihood of
symptoms was 0.17 (range, 0.03–0.76).Thus there was
more overlap of the likelihoods betweenthose with post-
operativesymptomsand thosewithout than for thosewith
postoperativepain. When a likelihood of 0.5 is usedas the
cut-off point betweenthepredictionof symptoms(>0.5)and
no symptoms(<0.5), 63 of the 80 patients(78.7%) were
correctlyclassified(18of the30with symptomsand45of the
50 without symptoms)(sensitivity, 0.60; specificity, 0.90;
PVpos= 0.78;PVneg= 0.79;kappa= 0.78).

Discussion

The introductionof the laparoscopiccholecystectomytech-
niquehasled to a reductionin hospitalstay,morbidity, and

convalescence.Becauseof theeasinessof this procedureit is
conceivablethat the indications for surgical treatmentfor
gallbladderstonediseasewill bewidened,with a subsequent
increasedrate of cholecystectomy(24). A questionnaire
showedthat 17 of 19 specialistsin gastroentrologyhave
widened their indications for cholecystectomysince the
introductionof laparoscopiccholecystectomy(25).

Becausecholecystectomymaynot increaselife expectancy
(26), andat leasta subgroupof patientsmaynot becuredby
theoperation,andbecauseof a small risk of severebile duct
injury, the indicationsfor cholecystectomyshouldbe strict
andwell defined.In addition,furtherinformationaboutwhich
patientsmay not be expectedto improveafter the operation
shouldbeobtainedandevaluated.

Previousstudieshavesuggestedthat the type of operation
(openversusmini versuslaparoscopiccholecystectomy)may
not explainnegativeoutcomes(2, 3,27).Therole of thetype
of cholecystectomyin latesymptomaticoutcomeis debatable,
and the small number of our patients undergoing open
cholecystectomyprecludesfurtheranalysis.Also, thereseems
to be no differencesin outcomewhetherthe operationwas
performedfor well-definedacutecholecystitisor electively
for ‘symptomatic’gallstones(4). In contrast,psychicvulner-
ability (3, 17) anddyspepticsymptomsmay be predictorsof
pooreroutcome(9). A painhistoryof long durationmayalso
be relatedto postoperativedissatisfaction(8).

Our resultsconfirmthenegativeinfluenceon outcomeof a
long duration of pain, occurrenceof dyspepsiaas a main
complaint,andpsychicvulnerability.

The preoperativepain intensity (preoperativeVAS) was
nearly identical in the different postoperativegroups of
patients.The best explanationis that pain was the main
indication for cholecystectomy.It showsthat patientswith
little pain were not cholecystectomized.A VAS only
measuresone dimension;that was the reasonfor including
the MPQ. By means of the MPQ three important pain
descriptors—splitting,rasping,and agonizing—wereidenti-
fied. Thesewere shown to have predictive value for the
postoperativeoutcome.

Thecompositescore,basedon the16 dyspepsiaquestions,
providedusefulpredictiveinformation.

Wewerenotableto showanyindependentpredictivevalue
of preoperativegallbladderemptying.Gallbladderemptying
hasbeenrelatedto gallstoneformation (28), but it hasnot
previously been investigated as a potential predictor of
positive or negativeoutcomeafter cholecystectomy.Two
studies claim that cholecystectomyalleviates acalculous
biliary pain in patientswith a reducedgallbladderejection
fraction (29,30). Almost half of the patients(44%) in this
study had a non-visible gallbladder on cholescintigraphy.
This finding hadno predictivevalue.Whetherthecysticduct
was closed or the function of the sphinter of Oddi was
disturbedcan be speculatedon; noneof the patientsin this
studyhadacutecholecystitiswhenthecholescintigraphywas
performed,andthereis evidencethat thecysticduct reopens

Table VII. Correspondencebetween Y (the logit) and P (the
probability or morepreciselythe likelihood)

Y P

ÿ6.0 0.00
ÿ5.0 0.01
ÿ4.0 0.02 Favourableoutcomeof cholecystectomy
ÿ3.0 0.05 likely
ÿ2.2 0.10
ÿ1.7 0.15
ÿ1.4 0.20
ÿ1.1 0.25
ÿ0.8 0.30
ÿ0.6 0.35
ÿ0.4 0.40
ÿ0.2 0.45

0.0 0.50 —
0.2 0.55
0.4 0.60
0.6 0.65
0.8 0.70
1.1 0.75
1.4 0.80
1.7 0.85
2.2 0.90
3.0 0.95
4.0 0.98 Unfavourableoutcomeof cholecystec-
5.0 0.99 tomy likely
6.0 1.00
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afterpercutaneousgallbladderdrainagein patientswith acute
cholecystitis(31).Accordingly,themostlikely explanationis
a disturbedfunction of the sphinterof Oddi, in accordance
with studiesshowingincreasedbile reflux in somepersons
with gallstones(32,33).

Increasedgallbladder pressureis the main theory with
regardto biliary pain, and in acutecholecystitisthere is a
correlationbetweenvolumeandpressure(31). In this study
gallbladdervolumehadno predictivevalue.

In onestudyabdominalsymptomsdiffered in accordance
with the numberof gallbladderstones(34). This association
wasnot foundin thisstudy.Becauseof thelimited numberof
patients in our study the risk that some real differences
betweenthe definedgroupsmay have beenoverlooked(a
type-2errorrisk) is not negligible.Our resultsthereforeneed
to besubstantiatedin independentpatients.

We have confirmed an association between psychic
vulnerability andpostcholecystectomyoutcome(6,14). The
explanationfor this is unknown,but somesort of visceral
hyperalgesia,asin theirritable bowelsyndrome(35),maybe
responsibleandshouldbe further explored.

Our study also confirms previous studies showing an
overall high (90%) satisfactionrate after cholecystectomy
but a relativelyhigh occurrenceof pain(30%)anddyspepsia
(9). This may be partly explainedby the dropouts,which
probablymainly includethosecompletelycured.

Theaim of thepresentstudywasalsoto developa logistic
regressionmodel for prediction of postoperativepain and
dyspepsia.On the basisof the presentdata the developed
predictionmodelhadahighPVposof 0.83andhighPVnegof
0.90. Overall, 89% of the patients could be classified
correctly.However,it mustbe emphasizedthat the analysis
focusedonoutcomein termsof painand/ordyspepsiaandnot
on the patient’s statementwith regard to being cured,
improved,unchanged,or worse.

In the regressionmodel we usedthe grand meanof the
variablein questionto replacemissingvalues.The justifica-
tion is that the grandmeanis a neutralvalue that doesnot
provideanyartificial discriminativeinformation—andthere-
fore no bias—in the analysisbut enablesas many data as
possibleto be includedin theanalysis.

The numberof variablestestedstatistically for potential
inclusion in the logistic regressionanalyseswasonly about
10%of thetotal numberof patients.Thenumberof variables
in thefinal logistic regressionmodelswasonly 6%(TableIII)
and 5% (Table IV). This is accordancewith the commonly
acceptedrulesfor inclusionof variablesin regressionmodels.
Nevertheless,since any regressionmodel will always be
particularly well adaptedto the patient data used for its
development,the results of this study—in particular, the
predictive value of the logistic regressionmodels—need
substantiationby confirmationin independentpatients.

The indicationsfor cholecystectomyarenot well defined.
Thus, in a consensuspanel approachwith two panels,one
consistingentirelyof surgeonsandoneconsistingof a mix of

relevantspecialists,the panelswereaskedto ratea seriesof
possibleindicationsfor cholecystectomy.For from one-third
to half of all indications the panelswere unable to reach
agreement(36). In an audit of 252 cholecystectomized
patientsthe appropriatenessof cholecystectomywas rated.
In 44% of the patients the surgical panel did not reach
agreement.Most of the patientswho would havebeenrated
inappropriatelyhad vague symptomsonly (37). However,
both the consensuspanel approachand the audit approach
wereretrospectivein nature.In contrast,the logistic regres-
sion model in our study is basedon prospectivelycollected
information.

The generalapplicability of the logistic regressionmodel
dependson its confirmation in future studies.When such
confirmationhastakenplace,themodelwill bean important
additionaltool in determiningthe besttreatmentstrategyin
patientswith symptomaticgallstones.
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